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EC?  Earl  Bisa,  Sillcosie  Hocpital, 
Grafsohaft  /lioohoauar  iand,  aafl 
tha  Biyclooiaodlcal  Keeoarch  Con- 
tar  (Chief  Bhyalolaa:  Dr  Bisa) 


She  electrical  chorea  of  an  aerosol  ia  an  caoontlcl 
aaas*  o£  the  characteristic  behavior  of  the  carrier  substances 
In  the  gaseous  phase,  Xt  influences  tho  lifeepen  and  Units 
the  practice!  poaaibilitiaa  of  application,  The  tendency  of 
an  aerosol  tewardo  hQffi%«alieation,  the  prooeso  of  aging ,  talroa 
5lace  ihreugi  the  growth  of  larger  suspend ed  portieiaa  at  tha 
expanse  of  aaaller  fractions  in  the  particle -else  o paotrun. 
^ggr«eatiOG  and  conglomeration  aro  controlled  by  the  electrical 
charge  props sties  of  the  aerosol,  a  pheneccanon  whioh  ic  Imotm 
m  reootsblaatlca  of  aaoponded  particles  with  ualilr  charge  alga. 
Sheas  phenostena  by  virtue  of  the  apace  charge  of  the  atmosphere 
are  of  tha  greatest  significance  for  the  dy  conic  3  of  hydre&e- 
tssns,  Hoserer,  In  leaser  orders  of  magnitude  and  ranges  cue 
well  the  eleotrleal  diarge  affords  an  opportunity  fer  dlffc- 
ant  s&nipulatioae  ca  an  aerosol,  either  for  the  purpose  of 
gtahillaatloa  or  with  the  object  of  rapid  ae&icentatiaa. 

10  '  '  k  -  ' 

fermetioc  of  a  apace  charge  field  in  which  the 
aerosol  partiolaa  subject  to  the  force  of  gravity  give  03 
tbalr  chargee  on  aedinentctlcn  surfaces  is  produced  by  apace 
aharee  density,  ta  the  biological  prooeaa  it  can  be  atsaoed 
that  the  function  end  dynsnioa  of  cell  complexes  are  vigorous¬ 
ly  affected  by  eleotrioal  phenomena,  as,  for  oxaupla.  is 
^probably  done  by  the  parncahillty  theory  or  on  la  also  cca- 

•  ethrsble  by  the  charge  properties  of  protein  BDloculea,  — 
saoaatly.a  nosher  of  ior  estimation  a  hove  been  published,  dial¬ 
ing  «Uh  the  effect*  of  at&cepbsrlo  eleotrioal  fields  end  uni-, 

'  peierly  (fcargad  suspended  materiel#  on  the  human  osgmifei.  „  , 
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Possibly  uncertainty  as  to  quantitative  eleotrical  charge  re¬ 
lationships  under  the  export  Dint  a  1  condition"  ts  a  reason  for 
_  the  (in  part)  significantly  div ergent  interpretations. 


w^Shareforc,  in  rfhe-fe^ier***/ diacusaioa  the  oausoe  of  ^ 
the  eloctrioal  charges  in  on  aerosol  are  prosented  a&acsi&i"  <*• 
nony  explanaticno  no  longer  stand  up  under  oritlolcn  today. 

N*^4336s*a£t«r  a  report  is  made  on  ear,  nm»  experiments^  wh  loh  had 
ee  their  purpose  '!©>  survey ‘^tho  electrical  space  charge  density 
in  different  aerosols  and  which  act-forth-in  flatatft:  the  ma gni- 
todes  of  therapoutio  aerosols. ^ I  consider  it  Justified  to 
polish  a  part  of  these  currentVrporlnonts  sinoo  tho  signifi- 
cantiy  improved  methods  of  noaaursaont  pornit  oosprehonoivo 
rspreduoibility  and  surpass  previous  oothoda  in  respect  of  no- 
cur  soy  of  sunsoresant.  .  •  ! 


jtehleehtittar  and  Reay  have  eeplainad  that  during  quiet¬ 
ly  Erowadlng  chocirea.l  reactions  aorooola  can  he  formed  that 
have  no  aisotriooi  charge,  therefore  the  new henioal  forces 
acting  upon  a  fluid  during  the  a  tool  rati  on  process  can  he  con¬ 
sidered  to  ho  the  cause  of  an  aerosol's  electrical  charges, 
the  electrical  charges  therefore  axe  dun  to  tha  eprayiug  of 
v<er  fine  negatively  charged  fluid  drops  from  the  alootrio 
do uhl*  layer  on  the  free  fluid  surface  vfciohis  alnayo  formed 
in  tha  osee  of  substances  with  high  associative  property  and 
him  dielectric  oonatent.  .  Aocordia^y,  elactrical  space 
charge  density  is  characterised  by  the  resultant  negative  car¬ 
riers  of  elnotriolty  which  originate  from  the  topmost  nega¬ 
tively  charged  molecular  layer. 


A  wording  t®  Xsnerd.  the  electric  double  layer  of  a 
water  drs^Iat  'in  in  We’Vir  with  bom  its  plates  in  the  drop¬ 
let*  Sharefors  in  pure  water  the  negative  charge  la  situ- 
fifed  on  the  surface  and  extends  toe  daplfc  of  0  x  10*7  cm. 

,  Shs  positive  charge  is  aSestcd  farther  inside  up  to  ld.0  x 
10~?  m.  In  the  shove  trample,  therefore,  tho  thiohneas  of 
'  tbs  doibit-  layer  is  about  40  molecular  diameters,  Honevcr , 
the  capillary  ley  or  on  the  surSaoe  is  coaaiderebly  thinner, 

tx  • 

Sviflsnae  of  the  charge  distribution  in  the  eleotrlo 
doable  layer  is  obtained  by  the  wali-hncun  fundamental  expori- 
awnt  in  whicsl  the  travel  of  e  eaall  air  babblo  in  the  elco- 
. .  tried  field  of  s  capacitor  filled  with  pure  water  la  observed. 

•  Xf  the  ascent  of  the  air  bubble  is  suppressed  by  uniform  rota- 

•  lion  of  the  capacitor  in  the  horizontal  longitudinal  aria.  the 
sir  bubble  travels  to  ths  anode,  She  gases  appear  accordingly 
elmys  to  be  na^stively  charged  in  flaido.  She  charge  cannot, 
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howover,  affoot  tho  gas  molecules  since  thus  far  it  baa  not 
*eca  poaoiole  to  discern  ga3  iona  in  bu.V02.03  after  contact  with, 
fluids.  It  con  therefore  bo  assumed  that  the  fluid  contains 
the  negative  ohargo  carriers  and  the  entire  fiold  of  tho  oloo- 
wisal  contact  layer  i*  in  tho  topmost  molecules  of  fluid. 
In  the  above  experiment,  therefore,  only  one  very  thin-wullad 
gao- filled  fluid  bubble  travels  and  over  this  bubble  the  posi¬ 
tive  fluid  ions  in  the  subsequent  molecular  layers  glido  in- 
!  visibly  to  the  cathode  (?ohl,  SloJctrlsltatslohro  Chloconto  of 
|  ElootrioltyJ), 

i  Thun  during  destruction  of  the  eleotrio  double  layer 

!  ’  uarto  of  the  outer  layer  are  hnoched  off,  If  the  diopor3od 
droplets  are  enaller  than  the  asternal  negative  layer  — 
than  8  ac  10~?  cm,  they  carry  a  negative  char  go.  Che  preconoo 
of  very  small  positive  carriers  in  explained  by  the  con  caption 
that  during  injury  to  the  electric  double  layer  tho  positive 
I  plate  is  aian  exposed  for  a  chort  while  no  that  positive  cor- 
i  riers  con  also  be  liberated  from  the  destroyed  surfhoo  in  tho 
!  event  of  rather  p^sr&i  sjeunaioal  notion ,  otlditoed  in  bekili 
Of  this  aocamptidd  i«  the  fact  that  in  tho  ease  of  strong  dia¬ 
pers  ion  phenomena  the  quantity  of  positively  charted  carriers 
increases*  the  ratio  or  which  to  negatively  ohergod  partloles 
le  2: 50,  Sinoo  the  droplet  diameters  here  cannot  bo  differ¬ 
entiate!  sign  moan  tly  aooording  to  the  sign  of  tho  charge, 
we  ore  not  dealing  with  any  aarosol  res  idles  In  the  ease  of 
the  posit  tro  carrier c. 


Phenomena  daring  the  atomisation  of  fluids  have  bom 
investigated  with  considerable  expenditure  of  labor,  Xenard, 
Christiansen,  Pomeroy,  Kohls ch titter  and  Chaormn  being  espe- 
olanrei^anSlHir ^5hFTO#orwater1OTW  ballooloc- 
trioity  in  the  above  descriptions  is  valid  for  chemically 
uniform  fluids  in  the  case  of  which  tho  aurfioe  is  tho  site  of 
tho  electrical  charge.  EUth  the  addition  of  acids  or  lyes, 
however,  the  charging  direction  can  bo  reversed  no  that  the 
concent  ration  of  the  dissolved  elootrolyte  in  the  eurfhoo' lay¬ 
er  end,  hanoe,  the  adsorption  properties  take  an  ecotmtlal  sig- 
nif  lames  for  the  fbxmation  of  the  eleotrioal  charge  end  of 
the  sign  us  well.  It  has  been  established  thet  carrier  forma¬ 
tion  is  closely  related  to  the  electrolyte  content  of  the  ini¬ 
tial  fluid  since  the  formation  Of  e  strictly  constructed  elec- 
trio  double  layer,  os  in  the  ease  of  purs  water,  is  inter¬ 
rupted  In  fluids  of  differently  dieooolated  ions,  fo  be  sure, 
hceever,  s  number  of  other  footers  have  to  be  omsidarod  since 
the  results  of  our  experiments  cannot  without  further  edo  be 
fceratonUed  with  the  previous  later protsti one  either.  Besides* 
the  presence  of  sn  eleotrio  double  Inyo:  in  the  case  of  drop¬ 
lets  with  a  fcitfter  sets  of  ampecatioa  under  0,1  /m  in  dins-  ,  , 
•ter  is  eonoelvabls  oily  with  difficulty;  ' 


*  v.-**  i  - 
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,  In  order  to  understand  the  behavior  end  tho  fomction 
of  the  olootrical  charge  of  dispersion  aerosols,  it  scorns  ad¬ 
visable  that  a  oonaidoration  of  the  physio al  prooessoa  and  "on- 
oepts  costa  first. 

Contact  potential:  In  tho  case  of  the  approach  of  two 
solid  *oaiea~. ''«•'&  irouiatora  at  t»  mulucuiaff  uiatenco  ox  ia« 
order  of  10“^  on  spart,  electrical  fiold3  appear  in  tho  con¬ 
tact  layer,  which  arc  charaoteriaad  '07  voxy  short  linos  of 
force,  The  one  tody  gives  up  to  tho  other  elootrono  nhioh  aro 
adsorbed  in  tha  receptor  and  arrayed  on  tho  aurfhoe  in  a  spe¬ 
cific  man  sr.  Non  this  field  oorrosponda  to  tho  c  loo  trio 
double  layer,  while  its  voltage  is  defined  as  oontaot  poten¬ 
tial.  The  aieotrio  daxbla  layer  represents  a  corfhoo  oovorod 
with  dipoles,  Dipoloa  can  be  conceived  of  as  molecule-  with 
alaotrioally  polar  pr  opartla s  which  poaoese  two  ©leotrio 
charges  of  equal  magnitude  and  opposite  sign  —  Q.  4-Q,  at  inter¬ 
val  A  a.  1H polo  moment  la  the  result  of  tho  product  of  the 
charges  *hdv  the  ’interval,,  Used  an  the  unit  of  cosaure  of 
charge  <1  la  an  integral  multiple  of  tha  ensile  nt  charge, 
of  tha  aliotrio  alaaontaxy  dunaiua  a.  This  dsotronic  ahorgs 
has  bean  defined  es 

;  *.  «  •  (ijcaa  t  aooot)  x 

>  *  -  — ■ — 

1  • 

1&  scene  of  the  8  Can  in  text]  droplet  procedure  (DtrQofohen- 
yeefehrea)  in  the  ■uspenslon  capaoitG?  tsobwahehonaonaotor  } ." 

Da  fluids  and  gases  dipoles  have  the  tendenoy  in  the 
preesnoe  of  en  slectrloal  field  to  adjust  thaosolvoa  In  the 
direct!  oe  of  the  field.  In  the  prooeaa  they  cere  continually 
disturbed  by  thermal  notion.  The  magnitude  of  tho  dielectric 
eoaata&t  Increesee  elth  increasing  orientation.  NotTtae 
tBSShETIae  ag  charge  holds  true  for  contact  potential  between 
*  solid  end  a  fluid  body.  According  to  this  lev  the  sub-* 
stance  with  the  greater  dielectric  constant  in  positively 
charged!  Dielectric  content  is  esssntially  dependent  on 
density,  rath  daereaelag  density  the  occstants  approach  a 
Slttltite  value,  at  »M.oh  tha  relative  dielectric  constant  con 
be  equated  with  the  absolute  dielectric  omstmt  of  tho  v«cn» 
m0  sever* «*„  the  aubstaaoa  contains  queslelaatioally  bound 
els  atr  leal  charges  vhiah  undergo  a  chi  ft  through  tha  altfotrlcal 
field  to  that  tha  dielectric  oona  tent  of  the  aubstance  to 
greater  than  the  limiting  value  is.  Thcaa  shifts  arc  the  cause 
of  the  behavior  of  a  dleiaotrio  via-*-* la  sleotrioaX  fields. 
eoncMua tly,  the  dlalectrlo  constant  is  determinative  for  the 
alsstrlsaily  fuad«ea.tal  properties  of  the  die  leotrio. 
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Tii a  dielectric  constant  or  tho  ,7000003  phaeo  of  an  aerosol 
in  tiio  phycical  ncrmal  ctata  (0°  C,  ?60torr)  reveals  only 
alight  deviationa  in  comparison  v;ith  a  vacuum.  However,  a 
disparsod  aerosol  phaca  bohavoa  difforontly,  with  signifioauf 
differences  appearing  in  liquids  because  of  diolootrlo  dis¬ 
placements  «  Orientation  of  "the  dipoles  taiic.-r^plaod  In  uocord- 
-itk  ale  tic  inns,  2. '.a  oppoaad  psl^a  approach  too 

neighboring  dipole  molecules.  Thus,  polos  of  like  chargo 
withdraw  from  one  another  00  that  the  attractive  influence  of 
polos  of  unlike  charge  is  considerably  stronger  than  tho  re¬ 
pulsive  effect  of  pole 8  with  like  sign.  This  phenomenon  of 
attraction  and  accumulation  Is  doolgaatod  dipole  oacooiatl on. . 
lio locale  a  of  vaster  can  alao  be  bound  to  otEbr  polar'  moiaculoa 
and  croups  of  atoms,  by  hydration  for  example.  The  paraffin 
chains  of  fatty  acids  cannot  accumulate  such  water  molecules 
cinae  they  are  apclar  and  not  hydra  tod,  As  already  mentioned, 
the  pr-Uutatlon  of  the  dipolaa  in  an  alnotrioal  field  is  dla- 
y  ^  tbar  mal.  ogL tat  loos,'  with  a  characteristic  equilib¬ 
rium  setting  in  at  a  a  pec  if  io  temperature.  Thua  the  intense 
tempera tur e-sensitivity  of  the  dielectric  constant  ia  under- 
atondable.  In  the  event  of  obstruction  of  polar  orientation, 
e.  <j.  by  freezing,  the  dielectric  oonotant  decreases  signlfi- 
osntly.  hhareoe  outer  at  18°  C  has  a  dielactrlo  oenstant  of 
81,6,  in  the  case  of  loe  the  constant  deolinaa  to  a  value  of 
3,1.  In  the  solidified  state  the  dipoles  aro  of  coaxes  firmly 
fixed  in  the  crystal  lattice. 

Electro* tatio  processes  are  operative  in  aeneous  aolu- 
tlona  of  electrolytes  too.  The  ions  try  to  di sparse  and" ar¬ 
range'  thkaaelve et  with  care  ions  of  the  opposite  sign  gather¬ 
ing  in  the  vicinity  of  an  ion.  This  pseudo  structure  is  lik*- 
aiee  disturbed  by  the  thermal  egUatione  of  tho  ions  cf  dis¬ 
solved  electrolytes.  Screening  by  apace  charges  accordingly 
pxoduoea  t  lose  in  the  activity  of  the  ions  In  e  concentrated 
solution  oinoe  every  ion  is  obstructed  in  ito  mobility,  Cca- 
seqasntly  the  osmotic,  00 ndioi metric  end  eleotrocotive  dynas- 
1®*  of  every  ion  in  concentrated  eolations  ia  less  then  in 
highly  dilute  eolation*.  Electrostatic  effect  —  and  thars- 
ttith  ioeio  strength  —  increases  with  valance  too.  In  com¬ 
parison  with  pore  water  aqueous  electrolytes  have  heightened 
oleotrio  ooa&otlvlty.  The  substances  producing  eleotrolytee 
decompose  in  solution  into  more  or  less  charged  aieotrlo  radi- 
onl*.  The  strong  eleotrolytee  ere  praotioally  completely  dia- 
eooiated  in  week  eolations.  On  the  other  hand,  the  otak 
electrolytes  do  not  completely  decompose  even  in  the  aoallsot 
ocneeatretione.  The  dissociation  of  eloatrolytca  ie  ell  the 
greater,  the  acre  dilate  the  solution  ie.  1  if  the  ions  are 
eoasldered  ae  ssolscular,  then  the  uoleouler  oonoentrmtion  t>£ 
eu  electrolyte  is  greeter  than  ths  gram  aula  oontent  of  the 


corresponding  undicsccintad  Bubatanoc.  Those  phenomena  coca 
worthy'  or  aonticn  bcoauso  tho  dioloctrle  constant  go norally 
la  also  dejendort  on  tlio  concentration  and  aha  decree  or  dioso- 
ointlon  of*  tho  dissolved  oieotrolytc, 

Further,  tho  rhepo  of  aha  rolacalos  cunt  ho  talon  Into 
oonaidara:ion  ter  tho  at  mo  taro  or  she  Qlaotrio  double  layer. 
Thus  protoln  moloculeG  appoar  in  I'irat  approximation  aa  ellip¬ 
soids  or  revolution,  vhich  on  flirthcr  imootlgatlon  aro  recog¬ 
nized  as  rod-shaped  molecules,  Jteom  tho  example  of  the  pro¬ 
tein  molecule  it  t?£3  possible  to  provo  that  charg®  conditions 
are  difraront  on  \h©  surface  and  in  tho  Interior,  pH-shifta 
aro  also  maasuroble,  which  iron,  tho  surlhoo  to  the  interior 
can  amount  to  as  muoh  as  0.78  pH  units. 

Finally,  for  tho  formation  of  the  elootrioal  ohart>a  of 
dispersion  a  or  o  so  la  we  must  taka  into  omsM  oration  a  process 
which  ia  known  as  adsorption.  Haro  we  ere  d online  with  the 
concentration  of  cubs tone b¥"»t  the  phase  interface.  I  number 
of  forces  taka  part  in  physioal  adsorption  —  vm  dor  mai- 
Iondon  diaper  son  forces  which  become  operative  between  the  di- 
poles,  Bultipoloa  or  ions.  In  addition,  alootro static  forces 
develop  which  result  in  a  binding  of  coiooulos  to  tho  surfs oe, 
Ext  concentration  of  substances  ia  the  surface  proceeds  ac¬ 
cording  to  the  Gibbs  leu  of  adatrpfcion  oocordiog  to  which  the 
•counts  of  the  aibstance  adsorbed  from  the  gaseous  phase  can 
be  ascertained  by  oeseureoout  of  aurfaoo  tension.  Surface  ten* 
alon  depends  on  the  b.  eoifio  capillary  activity  of  a  "cub-" 
atacoe,  which  la  eshara otarisod  by  the  Szyozkpwckl  formula  and 
Traube  rule.  Thus,  substances  which  possess  grooter  ©urfhoe 
energy  than  the  solvent  and,  accordingly,  haiciiten  tho  oerfheo 
tension  are  displaced  from  tho  fluid  surihoe.  In  particular, 
electro  lyti ca Uy  d is oo elated  salts  are  said  to  be  eurfaoe- 
Insotlve  sinoa  they  ere  capable  of  raising  the  surface  tension, 
a.  g.  of  mt«,  at  moat  negligibly,  The  surface  tension  of  a 
li<piid  i«  locared,  however,  by  a  surface-active  subatenoe  with 
1*9*  aarfso*  tension  being  concentrated  at  tho  interface. 

Sine*  aurfsoa  tension  can  already  bo  affbotad  by  mmomoleeular 
layer*,  trass*  of  ourfhoe-aotiv*  oubatonoas  readily  exert  an 
affect. 

It  am  be  disoeraed  that  the  formation  of  eleotrioal 
ofcar gas  daring  aerosol  diapareion  is  no  simple  linear  fonot ion 
of  physios l  placemans,  but  a  complex  series  of  faotora  working 
together.  It  ia  also  oloor  that  the  most  simplified  conoop- 
ticos  of  vatarih  11  olcotricity  do  not  suffice  for  an  under¬ 
standing  of  eleotrioal  apace  charge  density  in  the  ossa  of 
dispersion  aerosols,  First  in  an  analysis  of  tho  relation- 
chip*  o*  must  take  into  consideration  the  a  a  orgy  expended  in 
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spraying,  ns  '..-11  ns  11  lur  _t  icn  effects  do  -ur.-li  nr  tn  the 
gonaH  :ri  t/  of  the  aerosol  genera  tor.  aha  *pnriinl3-niue 

trum  in  also  dc; cad  arm  cr.  the ec  conditions."  .‘.part  from  _ 

cl: cmis  al  pro  parties  of  tho  fluid  t  v.a  munu  ,  for  e::n::.->lo ,  men 

its  viscosity  23  well  23  the  physical  stain  of  -he  g; _ e _n 

phaso,  *oo til  of  h: inh  effect  the  a-rotol.  In  ccccrdnr.cc 


W  w“ 

hO 

cn 


tho  pro co dir..;  recur hs  one  for..:: ti~n  cf  cn  electric  d 
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?innily,  adsorption  pro  cesses  hevo  c  direct  effect  or.  the  for¬ 
ce.  ti on  of  tho  electrical  choree.  If  v.o  assume  tha t  a  number 
of  oloctric  double  layers  can  so  present  in  an  aerosol  droplot, 
the  conception  of  tho  active  mechanism  for  the  formation  of 
such  carrier  char go s  is  nor  a  complicated  still.  Moreover,  wo 
started  from  the  assumption  that  in  tho  caco  of  tho  aerosols 
tjo  are  doaling  with  rod-shaped  droplets,  However,  in  tho  case 
of  turbulent  process  an  Increase  in  the  relative  movement  of 
the  drop  in  coop  arisen  with,  the  surrounding  air  appears  so 
that  oscillatory  notions  occur  daring  which  the  rod  shape  of 
tho  droplot  changes  into  a  free  flow  form.  In  tho  case  of 
aerodynamic  deformation  of  a  droplet  tho  undisturbed  formation 
of  an  electric  double  layor  i3  not  p03siblo,  and  in  such  case 
a  further  factor  of  uncertainty  appears. 


v:e  ccn  delve  nore  meaningfully  into  tho  problems  of 
electrical  ciiargos  of  dispersion  aerosols  by  moans  of  experi¬ 
mentation.  Mith  the  present  experiments  only  a  partial  in¬ 
sight  can  be  given  into  electrical  relationships  of  carrier 
substances,  restricted  to  tho  viewpoint  of  therapeutic  aero¬ 
sols. 


Performance  of  lanorlmonts 

Suspended  particles  in  gases  possess  electrical  proper¬ 
ties  by  reason  of  a  spatial  distribution  of  the  charge.  The 
latter  being  an  excess  chargo  of  one  sign  is  suscoptible  of 
measurement.  Used  as  unit  of  measure  is  the  number  of  de¬ 
mon  tary  charges  in  a  volume  of  1  cu  cm.  L'loctrioal  spaco 
charge  density  is  measured  with  a  device  a o cording  to  IlHhl- 
eisen  [See  Note]  (figure  1).  Tho  apparatus  consists  of  a  " T 
HlgETy  insulated  suspended  filter  in  the  iataho  port  of 
bio  war,  in  which  a  flow  velocity  of  2  liters  per  second  is 
produced.  The  cusponded  particles  held  fast  on  tho  filter 
give  up  their  electrical  chargo3  via  eligible  scries  res  lst- 

onoes  in  a  range  from  3  x  101*  to  1  x  10®  to  a  vibrating  oon- 
denser  measurement  amplifier  (Mil  400),  The  sensitivity  of 
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yrr*  +~rxrrrrr-r:  .  «■ 


t2io  instrument  in  oonjunotioa  with  a  resistance  of  loll  A 

la  10  A,  Tho  noacured  voltage  appear  a  aa  a  variable  in 
tho  formula 


V*  “ 


«•  X  »  X  v 


(c/cm*l 


other*  U  stands  for  voltage  in  a?,  v  for  volume  in  l/a  and 
•  the  eleafcttoal  elecaetasy  (jusatvra  1,6  x  IQ”*9  Re- 

aiatanj*  S  varied  in  a  rango  tsoa.  3  as  10^  to  1  x  IQ7  sauna. 
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figure  1* 


&lki 

I*  Insulator 

ft*  Quantity  of  air  sea  bid  in 

5,  Blowsr 

••-  ;»•  4.  Tlfcrtting  condenser  -  osasureoanS  amplifier 

6,  Calibration  voltage  for  and  taring  reaietanoe 
4*  ieoarder 


liaacoraoBota  ire  made  under  individual  experimental  condi- 
tfana  at  10  aao  intervals,  dth  the  saan  vsloa  of  a  4  tet  cb- 
*  aatvation  being  rtoerded.  An  aeroaol  generator  «a  employed 
4  «eriae*prodnc«d  ring  nestle  (Eeyer).  The  atomisetloa  at- 
t*a  jsFfnt  wit h  outlet  apsrtura  via  at  a  dlatsnea  of  so  ob  from 


tho  aorecol  filter.  By  installin':  a  conical  child,  dicturb- 
ind  dofloctions,  oe  c .  £rua  noo^lo  walking  aroand ,  wore  pra- 
vontod.  hftar  ovary  cxparliaant  the  atomizer,  wall  cloanod 
aftor  a  machine  with  dictillad  water,  was  driod  in  tho  r.tar- 
i  11  car  and  in  each  instance  loaded  with  4  cu  cm  of  the  fluid, 
to  bo  investigated.  Durm c  a  part  of  tho  experiments  aerosol 
conoration  with  oxygen  aa  the  propulsive  coa  was  under  taken  in 
parallel  fa  eh  ion,  lut  other;;  it  .  entirely  with  well-cleaned 
cca*resr  ~  air,  No  signif  ic  .*t  differences  were  obtained  for 
oxycr'  ;  air  -Ivon  *  _.ropulsivo  pressure.  Atnosphoric 
cpac*  ...rgo  dene  it/  ;.aa  ellninated  before  each  experiment  by 
so:  -^uint  regulation  of  the  measuring  equipment,  Atmospheric 
o  pro  score  exhibited  fluctuations  from  752  to  76Q  ten.  Hola- 
xya  air  humidity  was  kept  conctent  at  about  70^  and  an  air 
tempers  turo  of  16°  C  was  moeourod. 

[Koto]:  At  thio  point  lot  120  thank  Dooent  Dr.  131hl- 
eieen.  ihix  Planck  Institute  of  Stratospheric  Physios,  i'er 
his1' "expert  advice. 

Exoarimunt  Is  The  purpose  was  to  establish  the  extent 
to  which  variable  propulsive  pressure  of  the  aerosol  generator 
affeots  the  formation  of  electrical  space  charge  density. 

Ikoa  Figure  2,  in  which  the  experimental  results  are  recorded, 
it  can  be  seen  that  nith  increasing  mechanical  action  on  the 
fluid  and  with  a  heigh  toning  of  diapers  ion  forces  the  number 
of  elementary  Charges  decreases  correspondingly,  and  in  the 
ease  of  an  aqueous  aerosol  the  exoess  of  negative  charges 
rises  significantly.  A  relatively  flat  course  of  the  curve 
la  discernible  in  •  pressure  range  from  about  1.2  to  1.8  at¬ 
mospheres  absolute  pressure.  Therefore  in  all  experiments  wo 
chose  a  propulsive  pressure  of  about  1.6  atmospheres  absolute 
pressure,  in  which  range  minor  pressure  f  lustrations  oe  used 
only  slight  breadth  of  error  of  1i.o  charge  balance, 

> 


Figure  2, 

Xeyt  1.  Operating  pressure 
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Exrxrinarrt  IX t  She  purpose  vat  to  ascertain  the  eleo- 
trioal  •paoaoSarca  danaity  of  to  aero  col  of  distilled  eater 
in  relation  to  the  length  of  atonies  ticn,  Reunite  art  record¬ 
ed  in  Jig  tee  §,  Abou  t  three  minutes  after  approxia-Uir  con¬ 
stant  behavior  of  spaa  charge  density  *  etaep  rise  In  nega¬ 
tive  a  targe  belanoe  becomes  trident,  shlch  inside  eight  aln- 
atea  dsopt  to  a  minima  with  severe  fluctuation!,  These 
phenomena  art  no  doubt  caused  by  atoolsation  proocaaea,  In¬ 
aid  a  the  first  few  ainatec  the  supply  of  auld  it  uniformly 
oi  ad  op.  Ultra  after  large- babble  etoaication  seta  in  with, 
bur*  ting  of  the  fluid  real  dot  in  tha  aerosol  container  and 
of  the  returning  fluid  drops.  She  violent  fluctuation  of  the 
charge  balance  oen  thus  £?«©ly  be  brought  into  oorrelation  with 
inadtfutitt  atomisation,  Three  minutes  lots?  aerosol  concentra¬ 
tion  m§  ccnoidersbly  less,  a  ere  fore,  for  eubae^necit  as  pe  ri¬ 
sen  te  only  aeaanrtaenta  eithin  the  first  Hirst  aicmtea  a  ere 
use  bis. 

Egtjsrlggnt  nit  Sods  1/e,  umasala.  oosstoa  **U,  hydro - 
ohlttrla  sold ,  euimrlo  told  and  aoatio  a  aid  we  atomised,  tfe 
dealt  with  nrrnal  eolations  ranging  fractionally  from  1  n  to 
nAO.OOO,  Sue  srithmetlo  evan  of  the  oherge  balance  mas  taken 
aed  reoorded  for  every  individual  experimental  oonditioo  as 
in  figure  4,  fhtae  exrerieante  vert  repeated  in  their  total¬ 
ity  at  a  later  amt  With  ftr -reaching  reprodueibiUHr  being 
obtained,  Pisoetreibls  as  a  significant  result  it  the  feet 
'  that  acids  and  lyes  behave  in  t&a  oppooita  tense  as  regards 
the  elga  of  His  elsotrlonl  space  charge  density  In  Hit  event 
of  a  differing  degree  of  dlasool&tian.  She  eoida  employed 
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-/a  c  no  jativo  cljn  ct  a  hijhc  oloctrolvts 
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Figure  4, 
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Dlaotmelon  of  the  oxtoripont;  Ncxoel  so  lationa  of 
acid*  of  nighar  oo'rio'a ntrati on  tend  tonards  a  na estiva  charge 
Solano  a,  whloh  ahangea  tha  charging  dl  root  loo  oith  increasing 
dilation.  lyse.  on  tha  otlar  band,  exhibit  tha  opposite  be- 
bar  lor  In  that  they  looa  thalr  positive  obarjo  axooaa  vith 
lnora  nsirg  dilution  than  they  are  oonvertod  into  the  aerosol 
state.  Saak  oZeotxolytes,  aa  annonla  for  exanple,  hove  a 
ana  liar  negative  eleetrloal  apaoe  charge  density,  vfcioh  under¬ 
goes  no  slgnlfloent  ohange  oith  increasing  dilation.  Concen¬ 
trated  eolation e  of  oecnon  salt  hava  a  negative  o barge  exoesa; 
there  ie  no  change-over  cuitil  the  dilution  is  n/1000.  Tbeee 
experiments  vers  oontinuod  for  a  •  orris  of  additional  lyaa  and 
aoide,  thioh  ordng  to  their  ooqpatlble  behavior  in  another  ooo- 
nootion  ere  to  be  presented  separately. 
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Olitrga  bal*ao«  of  dialer g«<!l  ■cXutioa®  of  «  titre- 
tlon  ivlii  in  tb*  pH  rang*  fton  l.4fl  to  11.48 

AtooiMO  •  2  •  10*  o/oas 


Cicgarit&Uo  scclt ] 

flfcdlnrta  ttoalKotlooA 
*  10  mo. 


gsppogjiaiBt  XTt  Xq  tula  oorlao  of  oxpariaoote  tho  pur- 

g«a  two  w  enook  tn®  ®l*fitrlo«l  otarg®  of  aprajmd  *olu.tlooe 
m»  eU  MOd®  from  1.40  to  11.43.  Tfc®  titration  a«rl«a  nu 
jafo&arad  mt&  a/10  noraai  •©  lotion o  of  ante  if®,  byOroofclorlo 
*oi«  ana  oootlo  told  aoaoraine  to  Sabi®  1(  acp®ria®ntal  e®t« 
aod  loopt  of  t&o  Boatpad  vain®®  «c®  m  In  tM  Sba&a&tn- 
U1  ®2£0XlO®Cta 
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Point*  of  equivalence  of  *  titration  a  arise  „  A 
■troncor  said  1»  fim  neutralised  with  the  sd&i- 
tlca  of  n/LO  NaOH  to  the  aoid  mixture.  Binding 
of  aeetio  a  old  with  the  formation  o£  aodlna  *a*~ 
tat*  doe*  not  ooour  until  all  the  hydrochloric 
a  old  la  saturated  with  aimatanaons  i*o  rant  ion  of 
the  neutral  salt*  Tta  resulting  polnto  of  equiv-- 
alenoe  are  oaloolatad  approximately  and  oocflroed 
tgr  oesaureaect. 


Plegneal-Pn  of  toe  sgparimanta :  The  result*  recorded 
In  71  Hire  5  ado*  oooalaersSIe  fluctuation  of  the  charge 
halanoe  In  the  range  of  pS  8.03  and  pH  4.37.  With  inoreeeiag 
length  of  atonlaatlon  the  epaoe  aharge  densities  of  thoea 
•prayed  eolation •  change  war  from  the  negativ  e  range  to  the 
po*lthre  range,  Ore  opposite  relationship*  are  revealed  in 
the  oaea  of  aolstlcna  with  e  pH  value  of  6,  *7  and  lea*  clear iy 
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in  the  f'itso  of  solutions  with  a  pH  of  4,10.  Solutions  with 
the  pH  values  3,77  and  3,46  and  3.10  show  a  relatively  eon- 
etmt  positive  charge  balance,  while  oil  tho  othor  solutions 
employed  hsvo  a  lii£^ar  negative  electrical  spaoe  charge  donoi- 
ty, v  It  follows  fr om  Table  1  which  quentitieo  were  added 
era  dually  to  the  sold  mixture  in  e^dcr  to  neutralise  the 
stronger  acid  first  with  oioultaneoua  formation  of  neutral 
•ait.  Only  after  this  does  binding  of  the  aootie  acid  take 
pleas  with  the  formation  of  sodium  aootete,  With  progressing 
neutralisation,  attainment  of  the  point  of  equivalence  iaakae 
itself  known  by  a  jump  in  the  pH  value.  The  first  jeep  occur  a 
during  the  neutralization  of  hydroohlorio  uoid  with  a  pH  value 
of  3.10  0  CharaeterieticuUy,  oolutione  with  a  pH  value  of  3,2) 
and  3.77  attain  a  positive  charge  balance.  The  variable  space 
charge  density  end  tho  change  of  nign  of  the  tent  nolutlona 
with  pH  values  4.37  and  4,15  can  poseibly  be  ocrreloted  with 
the  degree  of  dieeocictlon  of  the  electrolyte  and  with  an  un¬ 
stable  rearrangement  of  the  eternised  droplets  in  the  eleotrlo 
dcubli  layer,  Changes  la  ooaoentratioa  probably  also  explain 
the  svoolal  behavior  of  the  eolution  with  pH  value  2,60,  which 
in  the  fioinity  of  the  first  point  of  equivalsnoe  assumes  e 
positive  charge  excess  with  increasing  length  of  atomisation. 

The  behavior  of  the  other  solutions  up  to  a  pH  value  of  6.00 
la  produced  by  the  dominant  effaot  of  the  aoetio  sold.  Lose 
understandable  ie  the  behavior  of  the  solutions  with  pH  values 
11.23  and  11,48,  ahloh  hare  a  alight  negative  charge  axoeas, 

Shis,  to  be  sure,  oon  be  oauaed  by  the  proximity  of  the  second 
point  of  equivalence  end  of  the  pH  jump,  something  to  which 
iha  ohaeglng  charging  direction  of  pH  eolation  8,87  from  the 
positive  to  the  negative  rang#  attest*. 

During  nro trail* at icti  of  the  stronger  acid  the  pH  eoiu- 
tioca  in  the  neighborhood  of  the  point  of  aquivalanoe  become 
labile  la  their  charging  dlreotion  end  in  ouorge  intensity, 
lies  the  point  of  equivalence  of  the  wanker  cold  can  be  well 
observed  within  the  values  for  spaoe  charge-  density  of  the  / 

atomised  solutions.  By  virtue  of  the  variable  (la  relation 
to  the  length  of  atomisation)  ahorse  b*  Sanaa,  tftlnh  Is  re¬ 
vealed  e  spool  ally  drastically  in  the  ante  of  the  different 
solutions,  the  probability  exists  of  a  dafeoUve  orientation 
of  tho  eoleeulas  in  the  droplet  aorfaoe  and  of  an  incomplete 
formation  or  transformation  of  the  aleotrlo  double  layer  in 
the  aerosol  droplet.  Hydrogen  ion  oonceotr*  ticu  a  hone  i*  of 
no  caseatlal  aignifioonoo  for  electric  charge  balanoe,  but  it 
Caine  Itself  olaarly  evident  in  the  neighborhood  of  the  points 
of  equivalence  depending  on  the  duration  of  atoaiaatlon, 

aeperltsent  7x  Tho  elsotrlsal  spaoe  oharga  density  of 
•  ntaharox  ToHaiaU  on  drugs  was  tested,  edhtring  to  tna  diln- 
tiona  Indicated  by  the  sanoffeoturars  for  eeroeol  therapy,  The 

U 
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ocoduro  corresponded  to  that  cf  tho  fundamental 
°'“£°r^a0Rt »  ■u*°  moacurod  valuoa  obtained  at  1C  300  intorvul3 

rocordod  ibr  throo  minutoa  end  tho  urithuotlc  moan  talon 
vniufi  n  Indication  of  .tl10  ccattorinj  rango  since  the 

value n  nithin  one  exporioont  revealed  no  fluotuationa  vorth 
mentioning.  The  results  are  ixoscatod  in  Table  2 


Table  2 


Drag _ Char  go  balnnoe 


A  •*•••«*«  Ui.l 

1.25  X  10*  %/cm* 

Cuitli'in’ii 

—  2.s-j 

Aiuiiiui 

—  3.12 

TyroMiivih 

—  a.;a 

P(u  iy<i'iut<yr«>l 

—  5.17 

Oay;>«M~.ri 

—  5.32 

—  S.to2~2  0 

Cupltyllin 

-  hu 

,  i’riata.l  IV 

— 10.70 

O*yproc«io-3fox 

—  1113 

l»rw.U<.  * 

—  »3,5U 

Itep-nihua 

—  teo5 

7y«Miu 

— 10,30  ' 

Ar.tutmU 

—  24.61 

S er>*»*i 

—  2043 

So>U"Xu;>.4m1 

—  26.41 

iit&.ulea 

—  2S.02 

Strcptoa.ycia 

—  31.04 

Jnb.i*)pua 

—  33.3! 

PcnicttiiifAcroMUl 

—  34,30 

Lok^aUa 

-33.12 

?«r.b«a 

—  3344 

P*fl»UW 

—  3041 

Ai^m 

— 

Iran 

—  44.76 

Atomisation  data:  Boyar  ring  noasia;  propulsive 
pressure  1*6  atmosphere*  absolute  pzessure  oacygen. 
Aerosol  temper  store  16,8°  C. 


Disoaoslon  of  tho  eroerinont:  Eseentialjy  a  negative 
charge  balance  is  revealed  by  tao  several  therapeutically  coo- 
uoa  aerosols  hare  i nr e stigo tod .  iilootrioal  epaoe  0 barge  den* 
ilty  ranges  from  1.25  to  -43.78  x  10®  e/cm3  and  is  extraordi¬ 
narily  high.  Xasttohih  shooed  a  moderate  positive  charge. 
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T.iiile  only  Trnnspxlmin-Jpliodrin  tended  to  tho  zero  point,  to 
a  charge  equilibrium.  If  wo  tabo  the  ununl  inhalation  tino 
daring  a  single  inhalation  ao  tao  basis,  wo  obtain  hence  tho 
amount  of  oxoess  char  con  which  can  to  calculated  with  a  multi¬ 
plier  of  1—  2  x  lO'*  and  tho  moauured  eleotrioal  apaoe  char#* 
density  of  the  aorocol  par  cu  cm,  Honco  wo  freely  gain  the 
idea  that,  apart  iron  tho  pharmaco  loci  cal  aotlon  of  a  thera- 
poutio  ooroool,  tho  char  go  aalssion  on  the  resorption  curfhoo 
cannot  by  reason  of  its  magnitude  bo  o  matter  of  indifferonoo, 

Cn  the  basis  of  tho  ebor  e  results  the  question  arises 
ox  the  eleotcioel  o*«*oo  charge  density  of  eleotro -aerosols  in 
a  space  aerosol, 

Sswerlnont  VI:  Tho  measuring  apparatus  was  about  trjo 
motors  away  from  ah  electro-space  aerostat.  The  aerosol  gen¬ 
erator  end  the  charge  system  were  set  in  motion  at  the  same 
time.  Two  ultrasonic  atomizers  were  employed  as  aerosol  gen¬ 
erators,  and  their  aerosol  (Nad  3^)  conducted  into  the  charge 
system,  on  whioh  a  voltage  of  60  kV  had  been  applied,  Measure¬ 
ments  could  not  be  made  regularly  due  to  the  technical  set-up 
of  the  experiment,  but  are  recorded  in  tine  and  presented  in 
Figure  6,  After  tho  aeration  system  is  turned  on,  at  a  high 
aeration  rate  (2  ou  m/kin)  only  a  elicit  shift  of  the  small 
negative  charge  excess  to  the  positive  range  is  revealed.  Aft¬ 
er  the  aeration  is  turned  off,  the  negative  charge  excess  rises 
steeply  end  is  relatively  stable  dor  lag  the  rest  of  the  experi¬ 
ment  .  Owing  to  the  voltage  applied  to  the  charge  system,  an 
analogous- sign  unipolar  charge  and  char  go -ax  change  of  the  aero¬ 
sol  was  produced.  The  steeply  rising  space  charge  donslty  aft¬ 
er  the  aeration  was  turned  off  proves  that,  given  this  set-up, 
apace  charge  effeots  ora  oaused  essentially  tho  the  expanding, 
unlpolarly  charged  aerosol  and  oannot  be  due  to  field  notion 
between  the  voltage- conducting  parts  and  earth  potential. 

During  these  experiments  alsotrio  space  eharge  density  was 
measured  at  a  maximum  of  160  x  103  a  cm3,  corresponding  to 
0,16  x  10 6  e/o cu.  The  eleotrlo  charge  balance  Us  the  ease  of 
an  tie otro -aerosol  under  the  abore -mentioned  conditions  is 
relatively  snail.  In  the  sbov  e-d escribed  experimental  set-up 
it  is  fhr  from  reaching  the  eleotrioal  spaoe  change  density 
of  therapeutlo  aaroaola  in  the  individual  atomiser, 

l  report  will  be  made  in  the  near  future  on  eleotrlo 
eharge  balance  in  the  blologloal  sphere  daring  inhalation  of 
dusts  and  aerosols. 
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Figure  6. 


Xoys: 

2A:  Sleotro  -aoroaol 
•in:  on 
ab :  of  f 

1.  Charge  balance  of  an  ole otro -aerosol 

2.  Aeration 


Sunnary 

The  oauaeofor  the  for  nation  of  the  electrical  cpaoe 
charge  density  of  dispersion  aerosols  ore  discussed.  The  es¬ 
sential  formation  of  a  a are  or  loss  strictly  constructed  elec¬ 
tric  double  layer  in  the  fluid  drop  is  linked  with  a  number  of 
factors,  among  which  eleotrolytio  dissociation,  dinole  moment 
and  dielectric  oonstant,  tho  fom  of  the  nolecalec"  and  ad¬ 
sorption  phenomena  etc.  must  be  considered.  In  addition,  the 
energy  consumed  in  atomization  aa  well  as  psrtiols  size  and 
aerosol  concentration  play  a  significant  part.  Electrical 
space  charge  density  oan  bo  measured  relatively  exactly  exact¬ 
ly  with  the  filter  method  according  to  LTlhleisen.  By  means 
of  this  procedure  an  increase  in  elootrioal  space  cnarge  don- 
city  with  inoreasing  Jet-propulsion  pressure  was  ascertained, 
Charge  balance  ie  relatively  oonstant  depending  on  the  dura¬ 
tion  of  atomization.  Only  with  o  shortage  of  fluid  does 
lur-o-bobble  and  irregular  atomization  appear,  which  results 
in  deeply  rising  spaoe  charge  density,*  Aoida  havj  a  nega- 
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tivo  charge  oiyi  in  tho  event  of  concontratod  electrolytic 
content,  v/iuroas  in  tho  case  of  greater  dilutions  thoy  have  a 
positive  choree  excosa.  Conr.cn  salt  tchavu3  cinilarly,  viiiie 
lyes  or  the  positive  region  or.tcr  into  a  noeati\*a  charee 
balance  with  increasing  dilution.  Solutions  of  a  titrat'.on 
sari oa  in  tho  pH  ranee  fron  1,63  to  11.48  reveal  a  labile 
ohorgo  balance  v.'ith  a  partial  change  of  sign  insofar  as  they 
and  their  pH  value  cro  in  tha  vicinity  of  tho  points  of  oruiv- 
alonoo,  1  nuebar  of  aororol  drugs  have  a  negative  ohargo 
ozcoss,  which  was  measured  as  essentially  no ga tiv e  up  to 
46,78  x  106  oca.  On  the  other  hand,  a  chock  of  an  electro- 
aerosol  under  specific  conditions  adduced  only  an  electrical 
otnoo  charge  density  of  0,16  ac  10°  e/ca^  so  that  the  electrical 
charges  released  during  inhalation  of  a  therapeutic  aerosol 
are  by  no  neons  insignificant. 
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